, and press the upper epidermis onto the 163 autoclave tape (i.e. the lower epidermal surface facing up (Figure 1b) ). 164 165 2.4. Gently press strips of magic tape onto the lower epidermal surface using a 15 ml conical 166 tube. Take care not to crush the leaf tissue (Figure 1c) . Carefully pull the magic tape off to strip 167 the lower epidermis ( Figure 1d ) and expose the mesophyll cells (Figure 1e ). 168 169 2.5. Cut the autoclave tape to fit the petri dish, use tweezers to move the tape into the petri 170 dish and float on the enzyme solution (Figure 1f) , leaves facing down. Rotate at 60 rpm on a 171 platform shaker for 60 min, during which the protoplasts will be released into the solution. 172 173 2.6. Use tweezers to remove and discard the strips of autoclave tape (Figure 1g ) and pipette 174 the solution containing the protoplasts (Figure 1h ) into a 50 ml conical tube. Use a wide-bore 175 pipette tip (such as a P5000 tip or a P1000 tip with the end cut off). 176 2.7. Centrifuge the protoplasts at 100 × g for 3 min at 4° C and remove the supernatant with 178 a pipette. Here we show that in the cca1/lhy mutant, the free-running period of circadian-controlled gene 233 expression is shortened (Figure 2a Here, we present a rapid assay to screen circadian period defects in Arabidopsis lines, including 267 protoplast isolation, transfection, and luminescent imaging. The circadian period in wild-type 268
Arabidopsis and the clock mutants cca1/lhy, ztl, and CCA1-OX was calculated from 269 measurements of luminescence from a CCA1pro:LUC reporter and found to be consistent with 270 published data generated from whole plants using more time-consuming transgenic 271 approaches (Table 2) . Using this assay to screen Arabidopsis mutants avoids the initial 272 requirement to generate transgenic luminescent lines, which is time consuming and might only 273 reveal that a particular mutant exhibits wild-type rhythms. A clear advantage of this protocol is 274 that any Arabidopsis line can be screened in short time for altered circadian transcriptional 275 rhythms, which will help the identification of more genes affecting timekeeping in plants. 276 277
Isolation of protoplasts can be laborious, especially if the mutant line displays a dwarfed 278 phenotype. Previously reported methods for generating protoplasts involve cutting leaves or 279 seedlings into thin strips and vacuum infiltrating the strips with enzyme solution to allow the 280 enzymes to reach the cell walls 26, 27 . The subsequent digestion requires at least 3 hr incubation 281
in the dark to release the protoplasts into the enzyme solution. When vacuum infiltration is not 282 applied, incubation time up to 18 hr is advised. In the protocol presented here, vacuum 283 infiltration is unnecessary because the epidermal cell layer impenetrable to the enzymes is 284 removed by tape. When generating protoplasts by cutting plant material it is necessary to 285 separate protoplasts from cell wall debris after digestion; this is typically done by filtering the 286 solution or purifying it on a sugar gradient 27,26 . Here, any undigested tissue will remain on the 287 autoclave tape after digestion, so filtration and sugar gradient purification of the protoplasts 288 can be omitted. There is a chance that the stress resulting from prolonged protoplasting 289 procedures affects cell viability and the circadian clock. The tape-based protoplasting method 20 290 visualized here yields a high number of protoplasts; and given the viability of cells over a 291 circadian time series and the matching period lengths of protoplasts and whole seedlings (Table  292 2), the methodology described here is preferred over alternative methods to generate 293 protoplasts. 294 295
The transfection step of the protocol is a critical step that impacts on the viability of the 296 protoplasts. The PEG solution enables the DNA to be delivered into the cell, and both 297 incubation time in this solution (step 3. 
